The volume coefficient K(=incompressibility of the nuclear matter), the Coulomb coefficient K c , and the volume-symmetry coefficient K vs of the nucleus incompressibility are studied in the framework of the relativistic mean field theory, with aid of the scaling model. It is found that K = 300 ± 50MeV is necessary to account for the empirical values of K v , K c , and K vs , simultaneously.
One way to determine the incompressibility K of nuclear matter from the giant monopole resonance (GMR) data is using the leptodermous expansion [1] of nucleus incompressibility K(A, Z) as follows.
where the coefficients, K, K sf , K vs and K c are volume coefficient (incompressibility of nuclear matter), surface term coefficient, volume-symmetry coefficient and Coulomb coefficient, respectively. We have omitted higher terms in eq. (1).
Although there is uncertainty in the determination of these coefficients by using the present data, Pearson [2] pointed out that there is a strong correlation between K and K c . (See table I .) Similar observations are done by Shlomo and Youngblood [3] . Table I According to this context, Rudaz et al. [4] studied the relation between incompressibility and the skewness coefficient by using the generalized version of the relativistic Hartree approximation [5] . The compressional and the surface properties are studied by Von-Eiff et al. [6] [7] [8] in the framework of the relativistic mean field approximation of the σ-ω-ρ model with the nonlinear σ terms. They found that low incompressibility (K ≈ 200MeV) and a large effective nucleon mass M * at the normal density (0.70 ≤ M * /M ≤ 0.75) are favorable for the nuclear surface properties [8] . On the other hand, using the same model, Bodmer and Price [9] found that the experimental spin-orbit splitting in light nuclei supports M * ≈ 0.60M . The result of the generator coordinate calculations for breathing-mode GMR by Stoitsov, Ring and Sharma [10] suggests K ≈ 300MeV.
In previous papers [11, 12] , we have studied the relation between K and K c in detail, using the relativistic mean field theory with the nonlinear σ terms [13] and the one with the nonlinear σ and ω terms [14] . We found that, under the assumption of the scaling model [1] , K = 300 ± 50MeV is favorable to account for K, K c and K vs , simultaneously. It seems that this conclusion is not drastically changed in the use of the relativistic mean field theory and the scaling model. In this paper, we examine the conclusion in more general way, in which the result does not depend on the detail descriptions of the σ-meson self-interaction. The reason why we restrict our discussions to K, K c and K vs is that the general discussions, which are independent of the detail of the model ( e.g., types of the interactions, values of the parameters in the Lagrangian, etc.)
are possible to a considerable extent, since, as is shown below, these quantities are almost analytically estimated by using the result for the nuclear matter, if
we assume the scaling model [1] .
We use the relativistic mean field theory based on the σ-ω-ρ model with the nonlinear σ terms. The Lagrangian density consists of four fields, the nucleon ψ, the scalar σ-meson φ, the vector ω-meson V µ , and the vector-isovector ρ meson
where m s , m v , m ρ , g s , g v and g ρ are σ-meson mass, ω-meson mass, ρ-meson mass, σ-nucleon coupling, ω-nucleon coupling, and ρ-nucleon coupling, respectively. The U (φ) is a nonlinear self-interaction potential of σ meson field φ. For example, in ref. [11] , we have used the quartic-cubic terms of φ as in ref. [13] ,
i.e.,
where b and c are the constant parameters which are determined phenomenologically. However, in this paper, we do not give an explicit expression of U (φ) and discuss the problem in more general way, without any assumption of U (φ).
In the scaling model [1] , K, K c and K vs in eq. (1), are given by
where ρ, ρ 0 , E b and q el are the baryon density, the normal baryon density, the binding energy per nucleon, and the electric charge of proton, respectively, and
The quantity such as K ′ is sometimes called "skewness".
In the mean field theory with the Lagrangian (2), L and K sym are given by
and
where
) is the Fermi momentum, and
M * in eq. (12) is the effective nucleon mass. Furthermore, at ρ = ρ 0 , E * ′ F and E * ′′ F are related to K and K ′ in the following relations, respectively [7, 11] .
At ρ = ρ 0 , C v and C ρ are also related to M * as follows.
[13] and
[15] where a 1 and a 4 are the binding energy and the symmetry energy at ρ = ρ 0 , respectively. We remark that eqs. (5), (6), and (9) This is understood as follows. As M * increases, L and K sym decreases, because of large E * F in the denominators in eqs. (9) and (10) . Small K sym makes K vs smaller (more negative) and, on the contrary, small L makes K vs larger (less negative), since (9K ′ /K + 6) > 0 in eq. (6). In the cases of fig. 1 we see that K = 300 ± 50MeV is necessary to account for K, K c and K vs , simultaneously.
Fig. 1(a),(b), Table II(a),(b)
We remark the following three points.
(1) The results are independent of the form of U (φ), since eqs. (5), (6) , and [11] . (We remark that K and K c are independent on g ρ in the mean field theory. ) Also, using eq. (3), we get the parameter set for K = 300MeV and K c = −3.990MeV, only in the case of M * = 0.83M [11] . In those cases, parameter set is uniquely determined or could not be found, since the number of the parameters is not larger than the number of the inputs, i.e., K, K c , and two conditions for the saturation. If the higher terms of φ are added to (3), the wider range of M * may be available. However, K = 300 ± 50MeV is necessary to reproduce the empirical values of K, K c , and K vs simultaneously, for any type of U (φ).
(3) The results do not have a strong-dependence on ρ 0 , a 1 and a 4 , since the calculated K vs is much more sensitive to the ratio K ′ /K than to those quantities.
Next we add the following attractive term of vector self-interaction (VSI) [14, 12] to the Lagrangian (2).
, where Y is a positive constant which determine the strength of VSI. Although, according to this modification, the formalism for calculating K vs , which is described above, is slightly modified, it is still possible to study M * -K vs relation without giving the detail descriptions of U (φ), as in the case of no VSI, i.e., Y = 0. In fig. 1 , we also show K vs as a function of M * , in the cases of y = 1 and y = 5, where y = g paring this table with table I , we see that K = 300 ± 50MeV is necessary to account for the empirical values of K, K c , and K vs at the same time, as is in the case of no VSI. Although the VSI makes K vs smaller (more negative), the change of K vs is comparable to the magnitude of the empirical error bars at the empirical available value of K(∼ 300MeV), and, therefore, the conclusion is hardly changed. The result is also independent on the detail of U (φ) as in the case of no VSI.
In summary, we have studied K, K c , and K vs by using the relativistic mean field theories with the nonlinear σ term and with the nonlinear σ and ω terms, with aid of the scaling model. It is found that, in both cases, K = 300 ± 50MeV is necessary to account for the empirical values of K, K c , and K vs at the same time. The result is independent on the detail descriptions of U (φ) and is almost independent on the strength of VSI. It seems that this conclusion is not drastically changed, if we use any type of the relativistic mean-field theory and the scaling model, since the calculated K vs is most sensitive to the ratio K ′ /K, which is adjusted to the empirical values. Table I The sets of the empirical values of K, K c and K vs in the table 3 in ref. [2] .
(According to the conclusion in ref. [2] , we only show the data in the cases of K = 150 ∼ 350MeV.) All quantities in the table are shown in MeV. Table II Range of the calculated K vs using the sets of K and K c in table I as 
